Abstract: 4-(2,3,5-trimethylphenoxy)phthalonitrile (3) was prepared via aromatic nucleophilic substitution reaction and characterized by FT-IR, mass spectrometry, 1 H and 13 C NMR techniques. The molecular structure of compound (3) was optimized using Density Functional Theory (DFT/B3LYP) method with 6-311G(d,p) basis set in the ground state. The molecular geometric parameters which were obtained by X-ray single crystal diffraction method and the spectral results were compared with computed bond lengths and angles, vibrational frequencies, and 
INTRODUCTION
Phthalocyanines (Pcs), discovered accidentally in 1907 and characterized in 1930s, are synthetic heterocyclic aromatic compounds [1] . Pcs have high thermal and chemical stability along with their unique properties such as strong visible light absorption, high molar absorption coefficients, electron transfer abilities, and the flexibility involved in the synthesis of these compounds [2] . These features promote an extensive use of these molecules primarily as dyes and pigments. A minimum amount of 80.000 tons of Pcs are produced per year just for this purpose [3] . They have been also used in other applications such as liquid crystals [4, 5] , optical applications [6, 7] , HIV inactivation [8, 9] , electrochromism [10, 11] , molecular solar cells [12, 13] , chemical sensors [13, 14] , semiconductors for organic field-effect transistors [16, 17] , and photodynamic therapy [18, 19, 20] .
These applications of the phthalocyanines can not be achieved since many unsubstituted Pcs are not soluble neither in organic solvents nor in water. The solubility can be increased by adding substituents to the periphery, nonperiphery or axial position of phthalocyanines, and designing central metal ions differently. It is well known that tetrasubstituted phthalocyanines usually present a higher solubility than octasubstituted Pc derivatives [21, 22, 23] .
Our earlier studies concentrated on synthesis and characterization of metal-free and metallophthalocyanines containing tetrathiaoxa [24] , dithiaoxa [25] , diazadithiaoxa macrocyclic moieties [26] , N-(n-octyl)mercaptoacetamide groups [22] , naphthalene-amide groups [27] and 3,5-dimethoxyphenol groups [28] . The present work introduces the preparation and characterization of Cu(II) and Co(II) phthalocyanines containing 2,3,5-trimethylphenol moieties. Then UV-Vis spectra of these compounds were recorded in different solvents and different concentrations. Furthermore, molecular geometry parameters, vibrational frequencies and 1 H, 13 C NMR chemical shift values of the 4-(2,3,5-trimethylphenoxy)phthalonitrile, which was reported the crystal structure of which was reported by our group in previous paper [29] , were calculated and compared with the experimental specifications.
MATERIALS AND METHODS
IR spectra was recorded on a Perkin Elmer Frontier FT-IR Spectrometer as KBr pellets. UV-Vis spectra were recorded on a Perkin Elmer Lambda 35 UV/Vis Spectrophotometer. C-NMR spectra were recorded on an Agilent 600 MHz spectrometer (Çankırı Karatekin University NMR Laboratory). Mass spectra were measured on an Ab Sciex 3200 QTrap LC-MS/MS (Amasya University-AUMAULAB). Elemental analyses were performed on a Leco Truspect Micro Analyzer. 4-Nitrophthalonitrile was synthesized by following the procedure reported in [30] . All other reagents and solvents were of reagent-grade quality and were obtained from commercial suppliers. DMF was dried and purified as described by Armarego and Perrin [31] . The homogeneity of the products was tested by TLC (SiO2).
Computational Details
The crystal structure of the compound was (3) reported by Akbal et al. [29] , so the molecular geometry was taken on the coordinates obtained from the X-ray single crystal diffraction data.
The geometry optimization was carried out with DFT / B3LYP (Becke's Three Parameter Hybrid Functional using the Lee, Yang, and Parr Correlation Functional) [32-34] method and 6-311G(d,p) the basis set in the ground state. All the computational process was realized over the optimized structure and the same method. The harmonic vibrational frequencies were computed and multiplied by the scale factor 0.9682 [35] to eliminate systematic errors between the experimental values and theoretical values the frequencies. for compound 5] and 0.5 mL DBU was heated at 140 °C with dry n-pentanol (10 mL) and stirred for 28 h in a nitrogen atmosphere. Then, the mixture was cooled to room temperature, precipitated by adding methanol and filtered off. The green products were washed with hot methanol, hot ethanol, diethyl ether, and water. They were washed with methanol for 24 h in the soxhlet apparatus and dried in vacuo. 
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Ground state electronic absorption spectra
The phthalocyanines can be characterized by recording UV-Vis spectra. These compounds have two strong absorption regions, one of them in the UV region at ca. 275-400 nm (B band) and the other in the visible region at 600-700 nm (Q band) [2] . The UV-Vis spectra of the phthalocyanines (4, 5) were recorded in different solvents (Figures 1 and 2) . The data were presented in Table 1 . 
Optimized Structure
The experimental geometric structure with the atom-mumbering scheme [29] and the optimized structure of the compound (3) are shown in Figure 5 . and Z=8 unit cell parameters [31] .
Some selected optimized structure parameters such as bond lengths and angles, torsion angles were compared with experimental values and the results were tabulated in Table 2 . (3), showing 30% probability displacement ellipsoids and the atom-mumbering scheme [31] . Bottom: The optimized geometric structure of the compound (3) with DFT/B3LYP method and 6-311G(d,p) basis set. [43] .
Also N1-C1-C2, N2-C8-C7 bond angles of phthalonitrile are 178.42, 178.50˚ while these values are recorded 178.24, 178.51˚for 6-311+G(d,p) basis set in a similar paper [44] .
When the experimental values compared with theoretical values, minor discrepancy are observed between them, because compound is accepted in the gas phase during theoretical calculation process, whereas it is solid phase in the experimental analysis. Even so, correlation coefficient is 0.9984 for bond lengths, 0.9996 for bond angles and according to these values it can be said that it showed a good correlation. Also, an atom-by-atom superimposition of the structure the compound (3) as established by DFT/B3LYP/6-311G(d,p) and X-ray data is shown in Figure 6 and RMSE value is 0.277 Å. 
Vibrational Spectral Analysis
The scaled harmonic vibrational frequencies of the compound (3) were calculated with DFT/B3LYP/6-311G(d,p) basis set. The compound (3), which has 34 atoms and 96 fundamental vibrational frequencies, consisting of phthalonitrile and trimethylbenzene groups.
The theoretical vibrational assignments in these groups were designated with Gauss View interface program [38] and compared with spectral values and the results were tabulated in Table 3 . Also, the FT-IR spectrum which was plotted on the transmittance (%) against the
) is shown in Figure 7 . in the theoretical IR spectrum of the compound (3) as a result of characteristic feature C-H stretching bands are assigned at 3100-3000 cm -1 region in aromatic groups, at 3000-2700 cm -1 in aliphatic groups [45] . as experimentally in phthalonitrile groups [48, 49] . The C=C stretching modes belong to aromatic groups are appeared at 1400-1600 cm 
NMR Spectral Analysis
Spectral and theoretical Table 4 . As it can be seen in (4) and (5) were investigated at different concentrations in THF. Also, computational studies on compound (3) were performed with DFT/B3LY/6-311G(d,p) basis set over the ground state and gas phase. So as to support that, the results of experimental were compared molecular structure parameters, vibrational frequencies, And, correlation coefficients which were obtained indicate in compliance with results of both spectral and modelling that is not only among themselves but also other phthalonitrile studies.
The author hopes that these consequences will be created an infrastructure for researchers carrying out similar studies and can be used for the further analysis.
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